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Age and Growth of Hellbenders in the Niangua River, Missouri CHARLES A. TABER, R. F. WILKINSON, JR. AND MILTON S. TOPPING
Length-specific growth rates were derived by regression from growth of marked and recaptured hellbenders and these rates were used in developing a length-age relationship. Growth rates of Niangua River hellbenders declined steadily after metamorphosis; going from about 70 mm total-length increase per year at 18 months to about one mm annual increase at 30 years of age. Male and female hellbenders apparently grew at similar rates, but more females lived longer and they were larger. Both sexes appear to live more than 30 years, with 4.3% of the animals living longer than our extrapolated 30-year length. The population was dominated by long-surviving sexually mature hellbenders.
THE
hellbender, Cryptobranchus alleganiensis, a long-lived large aquatic salamander, occupies many clear cool streams of the eastern half of the United States. Some investigators have commented about age groups, age at sexual maturity and longevity (Nickerson and Mays, 1973), but a satisfactory method for aging hellbenders is lacking. Estimates of age based on length-frequencies have been presented (Dundee and Dundee, 1965) but absence of distinct length modes in large samples renders this method untenable.
Individuals were marked, then sex-specific and length-specific growth rates were calculated for recaptured animals. A length-age relationship was then developed by adding annual growth increments successively to a length at a known age. Laboratory trials of the branding technique described by Clark (1971) indicated the utility and possible long-term durability of this method for marking individual hellbenders.
MATERIALS AND METHODS
Study area.-A 6.5 km section of the Niangua River in Dallas and Laclede Counties beginning approximately 8 km downstream from the Highway 64 bridge at Bennett Springs was studied. This area is rather remote. Human disturbance is related mainly to canoe traffic during warmer months and is minor. This section of river included seven large and several small riffles with large rocks and shallow, swift water. The water was usually clear with the bottom features distinguishable to depths of 1 m or more. Water quality and flow rate is strongly influenced by inflow from Bennett Springs. Mark and recapture technique.-Hellbenders were collected during daylight hours from shallow water (to 1.3 m deep) over and near riffles and along some shoreline areas. Rocks were turned by hand, often with the aid of a potato rake, and the hellbenders were scooped up in dip nets. A standard fish board was used to measure snout-vent (SV) and total length (TL) to the nearest millimeter. Animals were weighed to the nearest gram on a pan-equipped triple-beam balance and branded on the abdomen with a series of arabic numerals which were approximately 1.5 cm high. A propane torch was used to heat the brands, which were made of small diameter nichrome wire. The moist bodies of the hellbenders quickly cooled the red-hot brands, but allowed sufficient burning for a permanent legible mark on most animals. After weighing, measuring and branding, the hellbenders were released in the area of capture. The study period was Sept. 1971 to Oct. 1973, and included many collection dates irregularly spaced because of periods of inclement weather and high stream flow.
During the study 1,132 hellbenders were captured and branded, and more than 300 were recaptured at least once. Some brands faded and necessitated rebranding, but most remained readable through the period of study and are apparently permanent. Animals as small as 102 mm TL were marked, but the smallest animal marked and later recaptured was 182 mm TL. The largest hellbender taken was a 595 mm TL recaptured specimen; smallest was 85 mm TL. Many animals were recaptured more than once (6 times maximum), but only initial and final measurements were used in growth determinations. Growth during recapture intervals of less than two months was also rejected, except the few recaptures of animals which were under 200 mm TL. 633 
RESULTS AND DISCUSSION
Rate of length increase.-Total lengths, rather than snout-vent lengths were used in this study because the former could be obtained more precisely due to the shape of the animals. However, because snout-vent lengths are ordinarily used, their relationship with total length was determined. A highly significant linear relationship between snout-vent length and total length was apparent in males (r = 0.9763) and 260 hellbenders with least-squares regression line females (r = 0.9675). Comparison of the two linear relationships by analysis of covariance indicated they both may be described by the common slope b = 0.6598 (P > 0.05), but that the two lines differ significantly in their elevations (P < 0.01) with snout-vent length greater in females. Although this difference is statistically significant, a difference of only 2.7 mm between females and males of the same total length is not of practical significance.
Comparison of annual growth in length of males versus females is desired; however, sample variance among the females (n = 48) is significantly greater (i.e., P < 0.01) than for males (n = 14), thereby precluding statistical comparison. Nevertheless, there is no known reason why the two sexes should not be equal, and it is probable that the unequal variances may be due to sampling error associated with differences in sample size. If the mean squared errors of the two sexes were equal, then growth of the two sexes could be represented by the same line. In spite of unequal variation in growth, sexes were considered together because of insufficient data to analyze the sexes separately. Growth of the 260 recaptured hellbenders provided the data for determining monthly length-specific rates of growth (Fig.  1 ). Annual growth increments were then determined from the regression equation for hellbender lengths produced by successive addition of these increments. Young hellbenders metamorphose at approximately 18 months at which time they are about 125 mm TL (Goin and Goin, 1971). The length-age curve of Fig.  2 was then developed from these data using 125 mm TL as the reference point. Nickerson and Mays (1973) discuss the variation in metamorphosis length observed by several investigators.
Monthly growth rate (Fig. 1) was a decreasing linear function ATL(mm)/month = 6.3474-0.0117 TLo(mm) of total length. Although this regression explains only 37% of the variation in monthly growth, the relationship is significant. Similarly, annual growth was considered to be a function of length and was calculated by multiplying monthly growth by 12. Length, characteristic of particular age classes, was then determined by adding this increment to the length at 1.5 years (125 mm). Expected length at any particular age could be determined more accurately by using monthly rather than yearly intervals, but comparison of this method with use of the constant multiplier resulted in a difference of only 0.02% in estimated TL. In view of the variation associated with the regression used to estimate growth rate, the increased accuracy is not merited. Maximum and minimum sizes calculated from the 95% confidence interval of the regression relationship are shown by the shaded area in Fig. 2 . At about 450 mm TL, overlap between maximum probable length at 12 years and minimum probable length at 13 years introduces uncertainty into the determination of year class from length. However, mean growth rate suggests longevity in excess of 30 years. Oliver ( In addition to error associated with the regression estimate of growth, variation in environmental factors would affect growth and therefore the validity of age estimation. However, we have no data to indicate that environmental properties deviated significantly from their normal range during the two years of mark and recapture. There were, however, some relatively high flows during the latter part of the study. Additional sources of possible error were the smaller number of hellbenders recaptured of shorter lengths and the shorter average interval between their mark and recapture. The handling in capture and branding most likely does retard growth to a variable and unknown degree and the growth curve of Fig.  2 decrease in growth rate of progressively larger hellbenders, however, seems to indicate that the growth rates for the smaller animals are reliable. Fitting a single line to growth data as we have in Fig. 1 may not seem proper in describing the typical S-shaped growth curve, but our data reflect only decreasing growth rate, and as Ricker (1958) indicates, each part may be fitted with a separate curve. In spite of the acknowledged sources of error, this method of aging hellbenders seems very reasonable within its limitations, and better than previous age estimation. Length-frequency histograms (Fig. 3) lend no real support to our age extrapolations from growth rates since variability in individual growth prevents the formation of length modes associated with year classes. Although we were apparently less efficent at capturing animals of less than 200 mm TL, three gilled larvae (85-91 mm TL) were taken in Sept. 1972 (these were approx. 1 yr. old). The apparent shift in age structure of the population to older animals in 1973 may be a result of displacement of younger animals by high flows during late winter and early spring. Future collections will confirm if this change in age structure is permanent.
Length-weight relationships.-The length-weight relationships calculated for males, females and recaptured animals (Table 1) benders are shown in Table 1 . In each case, weight gain was greatest at about 7 years, although percentage growth decreased exponentially with age. These data were generated from the length-age curve (Fig. 2) using the lengthweight formula for the combined group. Apparent discontinuities in absolute and percentage growth in older animals resulted from rounding error during calculation.
Survivorship.-We did not find the high male to female ratio reported by other authors (Smith, 1907; Hillis and Bellis, 1971). Instead, we identified fewer males, the average length of which was smaller than for the average female.
Because both sexes appeared to grow at approximately the same rate this average difference in size and relatively fewer males indicated the possibility of higher mortality in the younger males. Most males apparently were sexually mature at about 300 mm TL (5 yrs. old) while females were mature at about 380 mm TL (7-8 yrs. old). Hillis and Bellis (1971), who apparently sexed all the hellbenders captured in their study, also found the mean length of males was less than that of females. Minimum lengths for sexually identifiable males and females in our study was 281 and 343 mm TL respectively. Fig. 4 illustrates the combined survivorship of mature (6 yr. old) hellbenders from the breeding seasons of three years (Fig. 3) . The low rate of mortality indicated in the smaller females (6-9 yrs. old) is probably sampling error introduced by our inability to sex many of the smaller females. Mortality in females decreases considerably after they are about 15 years old, while the male death rate is relatively constant in older animals. After initial mortality which could not be estimated, females exhibited Deevey's (1947) Type III survivorship curve with relatively high expectation for further life in those which survived to relatively advanced ages. The males, on the other hand, tended to exhibit a Type II or diagonal curve with a rather constant mortality rate in all mature age groups. The survivorship features of this population suggests a low rate of egg and larval survival, with continued numerical domination by the mature hellbenders. The egg-eating and cannibalistic behavior observed by Smith (1907) and others (Nickerson and Mays, 1973) is probably an important population control mechanism of the species. Our apparent inefficiency in capturing smaller hellbenders may therefore be largely the result of normal population structure.
